Abstract
sample. Taken together, this purification procedure can easily take 2 days and is 1 0 4
hence not feasible in a high-throughput screening context. In the light of the reported nucleic acid binding property of cellulose based filter paper 1 0 7
(Zou et al., 2017), we sought to exploit this feature in order to by-pass the tedious 1 0 8
genomic DNA purification step, thus saving time and material. To this end, we used a 1 0 9
paper puncher to create Whatman filter paper discs (≈2 mm) and placed them inside modified pipet tips for rapid genotyping, the fins of 3 male and 3 female adults were 1 1 2
clipped and administered to rapid genomic DNA extraction for sex determination by for genomic male sex determination were prepared for each specimen. After short
grinding of the tissue, the filter-in-tips were used to soak the Whatman paper disc 1 1 7
with the fin-clip lysate for the nucleic acids to bind to the cellulose simply by pipetting released back into the tube for storage. Next, the filter was washed to remove lysate
buffer reagents (which impair later diagnostics) by brief 1-2 washing steps in MilliQ correlated with male sex phenotype, actb control amplicon was present in all specimens (Fig. 1B ). We next raised the question if this SLEDGE-Hammer protocol is robust and reliable pipettor with the filter-in-tips ( Fig. 1 C) . And further, if our protocol would allow to 1 3 0 detect minor nucleotide changes as to be found in mosaic embryos resulting from
CRISPR/Cas9-mediated knock-out. We thus targeted the oculocutaneous albinism 2 1 3 2 (oca2, Fig. 1D ) gene responsible for melanin pigmentation using three individual candidate for CRISPR/Cas9 knock-out efficiency analysis (Lischik et al., 2018) . In
addition to the knock-out attempts caused as a result of the error-prone non-
homologous end-joining (NHEJ) repair mechanism, a more delicate CRISPR/Cas9
approach for tagging the Retinal homeobox protein 2 (Rx2) gene with gfp was used 1 4 0 (Fig. 1D) . A biotinylated dsDNA PCR donor fragment comprising the gfp sequence embryos (4 days post fertilization (dpf) for medaka, 2 dpf for zebrafish) were 1 4 5 randomly selected and put into a 96 U-well plate for phenotype/genotype screening. complemented each group. Phenotyping revealed that the knock-out attempts in the oca2 genes caused the specific GFP expression in the medaka retinae (Fig. 1E ). HDR-mediated knock-in correlate with the observed phenotype, each embryo was genotyped individually. Hammer'). After phenotyping (plate imaging), the fish medium in the 96 U-well plate
was replaced with fin-clip lysis buffer (100 µl per well) and the embryos were simultaneously ground using our custom-made mortar. For individual genotyping we 1 6 4 followed the rapid protocol described above using the filter-in-tips in combination with 1 6 5 a multichannel pipet (Fig. 1C) . For the oca2 knock-out embryos, locus amplification
revealed that in all cases transfer of genomic DNA to the PCR mixture was 1 6 7 successful (Fig. 1F, Supplementary Fig. S1B ). We subsequently examined the
success of targeted genome editing (indel formation) in the oca2 loci using T7 1 6 9
Endonuclease I (T7EI) assay, which detects and cuts heteroduplexes caused by a knock-out attempts showed heteroduplex digestion in the T7EI assay, whereas the screening could as well be confirmed by PCR genotyping as fusion of the gfp
sequence with the rx2 locus in the respective specimens (Fig. 1F , Supplementary 1 7 7
Fig. S1D-E). It is interesting to note that in 7 out of the 8 positively screened
embryos, a PCR band indicative for single-copy HDR-mediated integration was evident (Fig. 1F, Supplementary Fig. S1D ) whereas the integration of the donor cases ( Supplementary Fig. S1E ). allows drastic shortening of time and pipetting steps to a maximum of 10-15 minutes
per plate using a standard 8-channel multipipettor. This effortless genotyping will which have now reached up to 384 channels. Besides the reliable extraction of genomic DNA from fish embryos, we investigated if tissues derived from (model) organisms such as Arabidopsis thaliana, Drosophila
melanogaster, Chironomous riparius, mouse ear punches (EP) and mouse
embryonic stem cells (mESC) (Fig. 2) . In all cases, grinding of tissue, i.e. a single subsequent transfer of genomic DNA by pipetting of the lysate using our filter-in-tips 2 0 2 transferred enough material for specific locus amplification. Taken together, our SLEDGE Hammer protocol with the adapted filter-in pipet tips, genotyping is a daily routine. wildtype Cab strain and of zebrafish AB/AB line were used at stages prior to
hatching. Medaka were raised and maintained as described previously (Köster et al., transcription was performed as detailed in Stemmer, et al. (Stemmer et al., 2015) . Medaka one-cell stage embryos were injected in the cytoplasm as previously with 100 % relative white LED intensity and 50 ms exposure time. GFP channel was 2 5 7 used on rx2 specimens at 30 % relative LED intensity and 200 ms exposure time. 1 % SDS in Milli-Q water). For medaka and zebrafish extraction of genomic DNA, see main text. Our 96-well U- to produce the paper discs which were transferred directly from the puncher to the amplification of the desired genomic loci were prepared on ice using 1x Q5 
